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Abstract
The Italian Medicines Agency (AIFA) granted reimbursement for remdesivir (Veklury®) exclusively to
COVID-19 patients with pneumonia requiring supplemental low-flow oxygen therapy. A monitoring registry
was instituted to manage vials delivery and to control use appropriateness in Italy. The registry collected
healthcare data on remdesivir use across all Italian hospitals. Mortality by day 15 and 29 was estimated
using the Kaplan-Meier estimator. The Cox proportional-hazards model was applied to analyse the risks
connected to patient’s background features relative to all-cause mortality by day 29. 16473 SARS-CoV-2
positive patients were included in the registry with a mean age of 66.3 years and a male/female ratio of
2/1. 2279 deaths were registered. The Kaplan–Meier estimate of national mortality by day 15 was 7.1%
(95%CI: 6.7%-7.5%) while mortality by day 29 was 11.7% (95%CI: 11.2%-12.2%). Cox-adjusted estimates
by day 29 shown 18.8% (95%CI: 17.2% -20.3%) mortality in the class 65 years or older. This study
provided the largest figure on mortality after the remdesivir treatment of SARS-Cov2 pneumonia in the
real-world practice, and it also argued for efficacy of remdesivir in reducing mortality in patients older
than 65 years when compared to data from the national surveillance.

Introduction
The current coronavirus disease 2019 (Covid-19) has been first identified in Wuhan city, Hubei, China and
quickly spread worldwide [1]. Rapid transmission of the virus and severity in a considerable number of
cases make Covid-19 a tremendous challenge for the national healthcare system of the most affected
countries. Covid-19 is caused by a virus of the Coronaviridae family (genus Betacoronavirus) named
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [2–3]. To date, no antiviral agent
specific for SARS-CoV-2 has been found, but several compounds, repurposed from their original targets,
have been or are currently tested at different levels of the development pipeline [4].
Remdesivir is an adenosine analogue with broad antiviral activity, originally proposed as a treatment for
Ebola and later repurposed as a potential Covid-19 treatment, after its activity against the RNA-dependent
RNA polymerase (RdRp) of SARS-CoV-2 was reported [5]. In late 2020, the final report of the Adaptive
Covid-19 Treatment Trial 1 (ACTT-1), a randomized, double-blind, placebo-controlled trial, showed
remdesivir to be superior to placebo in shorting the time to recovery in hospitalized adults with confirmed
Covid-19 [6]. Mortality by day 29 was also found to be significantly different among patients with a
baseline ordinal score of 5 (i.e.: hospitalized patients having pneumonia requiring supplemental low-flow
oxygen therapy), with a 70% decrease in the risk of death by day 29 compared to placebo [6]. However,
conflicting evidence emerged from the interim results of the World Health Organization Solidarity Trial,
where no effect on 28-day mortality was found for remdesivir both in the overall group and stratifying
according to oxygen use and ventilation [7]. Recently, results from the next iteration of ACTT (ACTT-2),
evaluating baracitinib plus remdesivir in hospitalized adults with Covid-19 and using as a control group
remdesivir + placebo, were published [8]. Mortality by day 28 in the control group of patients with a
baseline ordinal score of 5 (4.7% 95%CI: 2.7–8.1) was found to be similar to that reported in ACTT-1
(4.0% 95%CI: 2.1–7.5; [7]).
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Following the preliminary reports of the ACTT-1 clinical trial, remdesivir (Veklury®), obtained the
emergency use authorization from the U.S. Food and Drug Administration (FDA) on May 1, 2020 for the
treatment of suspected or laboratory confirmed Covid-19 in hospitalized patients [9]. Later, the European
Medicines Agency (EMA) adopted a positive opinion on June 25, 2020, recommending the granting of a
conditional marketing authorization for SARS-CoV-2 positive patients affected by pneumonia who require
supplemental oxygen [10]. After the decision issued by the European Commission on July 3, 2020 [11],
the Italian Medicines Agency (AIFA) granted reimbursement for remdesivir exclusively to the subgroup of
patients with Covid-19 pneumonia requiring supplemental low-flow oxygen therapy [12], in line with the
results obtained in the same setting of patients in the Adaptive Covid − 19 Treatment Trial (ACTT-1) [6].
The overall mortality after remdesivir treatment of pneumonia in the real-world practice, among selected
hospitalized patients with laboratory confirmed Covid-19, is currently unknown.

Methods
The AIFA Monitoring Registry System is a web-based national platform introduced in 2005. It is aimed at
monitoring predefined treatments in specific clinical conditions (generally high-cost and priority
medicines), for which the reimbursement by the Italian National Healthcare System (INHS) is granted.
Data collected by monitoring registries are currently used to inform national regulation of patient access,
and to provide evidence on medicines use in the real-world context [13–15]. The prospective collection of
patient healthcare data in the AIFA Monitoring Registries is mandatory for physicians and hospital
pharmacists.
On October 29, 2020, the Remdesivir Registry (RR) was introduced to manage the distribution, among
Italian hospitals, of national stocks of remdesivir purchased according to a European joint procurement.
The platform covers all Italian hospitals and healthcare structures prescribing remdesivir. The RR
authorizes the delivery of the vials from the hospital pharmacy to the ward, in case of patients with
COVID-19-related pneumonia under oxygen therapy, who do not require high-flow oxygen or mechanical
ventilation or Extra Corporeal Membrane Oxygenation (ECMO), and with symptom onset of less than 10
days. The remdesivir treatment should start with a 200 mg infusion on the first day, followed by 100 mg
infusion per day, for a total duration of treatment of up to 5 days. Due to the COVID-19 emergency during
the second Italian pandemic wave that started in October 2020, in order to minimize the workload of
physicians, the RR was designed to collect very few and essential healthcare data. The registry collects
data on prescription of remdesivir, dispensation of vials to the hospital ward and patient’s treatment
outcome (expressed as duration of hospitalization or mortality). In order to face concerns on data
completeness, with special reference to under-reporting of patient deaths, and to enhance data accuracy,
death dates of patients included in the RR were also obtained from the national register office for the
resident population (ANPR), a central database maintained by the Ministry of the Interior of Italy (decree
82/2005 art.62). By Italian Laws, death certificates must be inserted in the ANPR within 10 days from the
event. Therefore, data cut-off and latest administration date were selected to minimize the number of
non-recorded deaths.
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All-cause mortality by day 15 and 29 was estimated using the Kaplan-Meier estimator in a similar way as
to ACTT-1 [6]; furthermore, the Cox proportional-hazards (PH) model was applied to analyse the risks
connected to patient’s background features relative to all-cause mortality by day 29. For the most
informative variables, Cox-adjusted survival curves were obtained as reported by Therneau and collagues
[16].

Results
By January 20, 2020, with 84 days since the introduction of the monitoring registry, 16473 SARS-CoV-2
positive patients affected by pneumonia and requiring supplemental oxygen were included in the AIFA’s
RR with a minimum potential follow up of 29 days. Baseline characteristics are described in Table 1. The
mean age was 66.3 years (±13.7), with a male/female ratio of 2/1. Most patients started remdesivir
treatment less than 3 days after hospital admission (11827 cases, 71.8%). The median duration of
remdesivir treatment was 5 days. At data cut-off, 2279 deaths were registered. Information on hospital
discharge and need of mechanical ventilation before discharge or death was only available for a subset
of the entire cohort, 10049 (61.0%) and 11179 (67.9%) patients respectively. Median duration of
hospitalization (interquartile range), for patients with known discharge or death date, was 13 days (8 to
20 days). 2811 cases out of 10049 (28.0%) went through an intensive care ward before either hospital
discharge or death, 560 patients (5.6%) required mechanical ventilation or ECMO.
The Kaplan–Meier estimate of national mortality by day 15 is 7.1% (95% CI 6.7%-7.5%), corresponding to
1170 deaths, while mortality by day 29 is 11.7% (95% CI 11.2%-12.2%) corresponding to 1927 deaths
(table 2). Hazard ratios (HRs) from Cox models and mortality estimates from adjusted survival curves are
reported in Table 2 and Figure 1 and 2. Significant features included age class, sex and adjusted attack
rate [16]. Noteworthy, adjusted estimates by day 15 and by day 29 in the class 65 years or older showed a
12.5% (95% CI 11.4% -13.6%) and 18.8% (95% CI 17.2% -20.3%) mortality respectively, this age class
represented more than half of the considered cohort, with a median age of 75.8 years (interquartile range
70.6 – 82.0). Cox adjusted estimates were also calculated by gender, obtaining a mortality of 6.7% (95%
CI 5.9% - 7.5%) and 8.2 (95% CI 7.4% - 8.9%) by day 15 and 10.1% (95% CI 9.0% - 11.1%) and 12.6 (95% CI
11.5% - 13.7%) by day 29, for female and male respectively.

Discussion
To the best of our knowledge, this study provides the largest picture on mortality after the remdesivir
treatment of SARS-Cov2 pneumonia in the real-world practice. The results are based on the analysis of a
national registry-based cohort, filled by all Italian hospitals during the second wave of the COVID-19
pandemic.
The reimbursement of remdesivir by the Italian NHS was granted according to eligibility criteria reflecting
the same grading of patient’s clinical status at hospital admission as in ACTT-1 (i.e.: having rank 5 in
ordinal scale at hospital admission: pneumonia requiring supplemental low-flow oxygen therapy) [6]. The
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AIFA’s RR was developed to both address the distribution across the country and obtain data on the local
delivery of remdesivir from national stocks.
The overall findings evidence a dramatic effect of age on mortality, with older patients (≥ 65 years)
having about 14 times higher death risk than those aged less than 40.
The estimate of mortality by day 29 observed among patients in the age group of 40–65 years [i.e.: an
adjusted mortality rate of 3.5% (95% CI 3.0%-4.0%)] appears to be almost the same as that reported in the
remdesivir arm of the ACTT-1 trial [4.0% (95% CI 2.1%-7.5%), among patient subgroup having the 5 rank in
ordinal scale] [6]. However, the overall estimate of mortality after remdesivir treatment in Italy by day 29 is
equal to 11.7%, higher than that observed in the aforementioned randomized trial [6]. This might be due
to the older age of patients enrolled in the AIFA's RR (66.3 years on average) than that recorded in the
ACTT-1 trial (58.6 years on average). Indeed, 45.4% (7469) of Italian patients were less than 65 years old,
against 65.4% of ACTT-1 trial patients [6]. An increased mortality likely connected to higher age was also
reported by Frost and collagues [18]. At the date of this analysis, the overall mortality rate in Italy of
unselected hospitalized COVID − 19 patients, older than 65 years and admitted in non-intensive care units
was estimated to be 31.8% (see Supplementary Table 2 in appendix). This estimate was obtained using
the data available from the COVID-19 integrated national surveillance by Italian Health Institute (see
Supplementary Table 1 in appendix) [17]. Additionally, the overall mortality after remdesivir treatment in
Italy appeared to be slightly higher than that observed in the WHO Solidarity Trial (i.e.: 9.4%, in the
subgroup of patient not requiring ventilation at randomization) [7]. Again, in the WHO Solidarity Trial the
proportion of patients aged less than 70 years was 81.8%, while in the AIFA’s RR it was 57.5%.
The present study also registered an adjusted lower mortality among females than among males. This
finding was also observed in a previous population-based cohort of hospitalised Italian patients,
performed after the first pandemic wave and before the introduction in Italy of remdesivir [20].
Some limitations of this analysis are represented by the absence of information on comorbidities and
concomitant treatments during hospitalization. Actually, high number of comorbidities, regardless of age
group, was found to strongly predict mortality among COVID-19 patients in Italy [19]. However, In the
ACTT-1 trial more than 50% of patients had two or more comorbidities and only 18% had none. [6]. As for
concomitant therapies, we expect that almost all patients in our cohort received also a corticosteroid
treatment, according to current guidelines and AIFA recommendations [21]. Instead, in the ACTT-1, during
the study period, only 23.0% of patients received a concomitant corticosteroid treatment [6].
Although randomized controlled trials have long been considered to be the unique source of data on the
effects of treatments, the registry-based studies are among the alternative options having several
strengths from the point of view of public health [22]. Furthermore, during the last decade both EMA and
FDA increasingly approved products for new therapeutic indications without any controlled trial [23], or
using comparisons with external controls [24].
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With regard to remdesivir, two large randomized controlled trials (i.e. the ACTT-1 and the Solidarity trial)
provided overall conflicting evidence on efficacy [6–7]. This registry-based study is the largest one
obtained in a real-word context that provides evidence on mortality in hospitalized patients with
laboratory confirmed COVID-19, after remdesivir treatment of pneumonia. Besides showing a clear
relation between mortality and age, it also argues for efficacy of remdesivir in reducing mortality in
patients older than 65 years when compared to an estimate obtained using data from the COVID-19
integrated national surveillance by Italian Health Institute. This study provides evidence on mortality after
remdesivir treatment in the real-world context, for the treatment of pneumonia in hospitalized patients
with laboratory confirmed COVID-19, that may address public health decision-making and it may provide
data useful for designing future randomized trials.
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Tables
Table 1. Baseline characteristics of patients treated with remdesivir in Italy
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Characteristics (16396 patients)
Age -yrs (Mean; SD)

66.3 (± 13.7)

Age Class no.%
<40

541 (3.3)

40-65

6928 (42.1)

≥65

9004 (54.6)

Male sex no.%

11039 (67.0)

Days since admission no.%
<3

11827 (71.8)

≥3

4646 (28.2)

Adjusted attack rate no.%
Low

4096 (24.9)

Intermediate

7472 (45.4)

High

4905 (29.8)

Table 2. Hazard ratios (HRs) from Cox models and mortality estimates from adjusted survival curves
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Kaplan-Meier estimates

%

Low 95%CI

High 95%CI

Mortality by day 15

7.1

6.7

7.5

Mortality by day 29

11.7

11.2

12.2

Cox model regression (mortality by day 29)

HR

Low 95%CI

High 95%CI

40-65 vs <40 *

2.4

1.2

4.9

≥65 vs <40 *

14.1*

7.0

28.2

1.3

1.2

1.4

Intermediate vs Low

0.9

0.8

1.1

High vs Low*

0.9

0.8

1.0

Cox adjusted mortality by day 15 estimates

%

Low 95%CI

High 95%CI

<40

1.1

0.2

2.0

40-65

2.0

1.6

2.3

≥65

12.5

11.4

13.6

Sex M

8.2

7.4

8.9

Sex F

6.7

5.9

7.5

Cox adjusted mortality by day 29 estimates

%

Low 95%CI

High 95%CI

<40

1.5

0.4

2.5

40-65

3.5

3.0

4.0

≥65

18.8

17.2

20.3

Sex M

12.6

11.5

13.7

Sex F

10.1

9.0

11.1

Age Class

Sex
M vs F *
Adjusted attack rate no.%

*p<0.05
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Figure 1
Cox-adjusted survival probability (with 95% confidence bands) per age class (orange ≤40 years; cyan
between 40 and 65 years; red ≥ 65 years) in Italy
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Figure 2
Cox-adjusted survival probability (with 95% confidence bands) per gender (blue male, pink female) in Italy
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